Abstract

23
Prehistoric Holocene eruptions of Changbaishan volcano in Northeast China are 24 poorly dated, with the exception of the AD 946 Millennium eruption (ME). Poorly 25 refined age estimates for the earlier eruptions present problems for the reconstruction 26 of the eruptive history of the volcano. The Qixiangzhan eruption (QE) is a major 27 controversial event in terms of its eruptive timing (ranging from ~88 kyr to ~4 kyr) 28 and style (effusive or explosive). As a result of the imprecise age estimates for the 29 eruption, a geomagnetic field excursion recorded within the QE comendite has been 30 variably correlated with a number of different excursion events observed elsewhere.
31
In this study, a visible early Holocene tephra was identified in Yuanchi Lake, ~30 km 32 east of the Changbaishan volcanic vent, and was dated to 8831-8100 cal yr BP using 33 Bayesian age modelling. Glass shard compositions enable the correlation of this 34 tephra with the poorly dated QE, as well as with a tephra (SG14-1058) recorded in 35 Lake Suigetsu, in central Japan. These correlations confirm that the QE was explosive, 36 and that the ash from Qixiangzhan eruption (QEA) can serve as an important early
37
Holocene marker bed across East Asia. In addition, we propose an age of ~8100 cal yr 38 BP for the QE based on the precise date of the Suigetsu SG14-1058 tephra. Our 
Introduction
43
Changbaishan volcano (also known as Paektu, or Baitoushan; 128°03′E, 42°00′N), 44 an intraplate stratovolcano on the border between China and North Korea (Fig. 1 better understanding the eruptive sequence of the less-studied Changbaishan volcano.
99
In this study, we use the tephrochronological method (from proximal 100 Changbaishan exposures to distal lacustrine tephra records) to constrain the eruptive 101 timing and style of the QE. We find that Changbaishan volcano experienced an 102 explosive eruption at ~8100 cal yr BP, i.e. the QE. In addition, the ash from Peak counting times used were 20 s for all elements except for Na (10 s), and the Na 
Results
169
Proximal Qixiangzhan comendite from Changbaishan volcano contains colorless 170 glass (Fig. 3A, B) . The tephra layer (YC162) consists predominantly of colorless 171 cuspate and pumiceous glass shards with a maximum length of 300 μm (Fig. 3C, D (Fig. 4 ; Table S2 ).
176
When considering the evidently patchy distribution of the YC162 tephra, the first 177 appearance of the tephra should represent the timing of volcanic eruption. In this 178 study, we established a Bayesian-based chronology using the age-depth modelling YC162 tephra are evidently distinct from the pre-ME fall deposits, which have a 203 substantially higher FeO content (Fig. 4) . Consequently, regardless of the ages of 204 these two events, it is clear that the YC162 tephra in Yuanchi Lake is not from the 205 eruption corresponding to the ~ 4 kyr pre-ME.
206
Ash geochemistry from the Changbaishan ME has been relatively which cannot be separated from the rhyolitic member of the ME (Fig. 4) . However,
211
ash from the ME usually has light brown shards (Sun et al., 2015) , which are absent in 212 the QEA (Fig. 3) , and typically the Changbaishan ME has glass compositions ranging 213 from rhyolite to trachyte. In addition, the field exposures near Yuanchi Lake show that 214 the ME ash also contains glass shards ranging in composition from trachytic to 215 rhyolitic (Sun et al., 2017) . Therefore, the YC162 tephra cannot be from the rhyolitic 216 member of the ME.
217
The field-observed vesicular Qixiangzhan comendite, and the vesicular structure 218 of the glass shards (Fig. 3) , demonstrate that the QE was an explosive eruption (e.g.
219
Pan et al., 2013). The YC162 tephra has a glass composition consistent with that of 220 the Qixiangzhan comendite (Fig. 4) implying that this tephra is from the QE. The Bayesian-modelled age for the YC162 (8831-8100 cal yr BP, 95% confidence) falls in 222 the age range of the QE (Table 1) , which also supports our contention that the YC162 223 tephra is from QE. The QEA detected in the Yuanchi Lake ~30 km away from the 224 Changbaishan volcanic vent strongly supports that the QE being an explosive 225 eruption.
226
The most recent tephrochronological studies from Lake Suigetsu revealed a to compare it. The modelled age-range of YC162 tephra from Yuanchi Lake also overlaps with that of the Suigetsu SG14-1058 tephra (8166-8099 cal BP) at the 95% confidence interval, and we propose that the two tephras were erupted by the same 234 event.
235
The SG14-1058 tephra exhibits similar glass major element compositions to those 236 from YC162 tephra and Qixiangzhan comendite within the range of uncertainty (Fig.4   237 and Fig. 5 volcano. In addition, our modelled age for the QE also implies that a geomagnetic 
287
Ash clouds from Changbaishan eruptions were predominantly transported to the 288 east of this volcano, such as the eastern tephra dispersal of the ME and several visible 289 tephra layers recorded in the Japan Sea while only the cryptotephra from ME was 290 identified in Lake Sihailongwan to the west of Changbaishan (Fig. 1) in Lake Suigetsu at least implies that the QEA was mainly transported to the southeast 297 of Changbaishan volcano (Fig. 1) . The similarity in the distribution of the ME and QE
298
tephras may indicate that the QEA was also predominantly transported to the east of from proximal Changbaishan volcano, Yuanchi Lake, and Lake Suigetsu from Japan.
521
Envelopes represent the geochemical range of glass shards from the Changbaishan
522
Millennium eruption (ME), and the pre-Millennium eruption (pre-ME, that is the fall 523 deposit of subunits NS-1 and NS-2) is included. Glass data sources: ME is from Chen 
